ABSTRACT To determine whether Culiseta melanura (Coquillett) mosquitoes tend to take multiple blood meals when birds of certain species serve as hosts, we compared the frequencies with which such mosquitoes fed upon caged starlings and robins and determined whether similar volumes of blood were imbibed from each. The blood of robins (Turdus migratorius) and European starlings (Sturnus vulgaris) was marked contrastingly by injecting birds with rubidium or cesium salts. Caged birds were placed together in a natural wetland setting overnight. Mosquitoes captured nearby on the following morning were analyzed for each of the elemental markers. Where marked robins and starlings were equally abundant, 43% of freshly engorged Cs. melanura fed on more than or equal to two hosts. More Cs. melanura fed on robins than on starlings. Individual mosquitoes tended to contain far more robin-than starling-associated marker, indicating that mosquitoes "feasted" on robins but only "nibbled" on starlings. Mosquitoes marked with both elements apparently fed meagerly on the starlings then abundantly on the robins. Our estimates of bloodmeal volume indicate that 85% of mosquitoes that fed on marked starlings obtained Ͻ0.5 l of blood from them. We suggest that defensive behavior by starlings interrupts mosquito blood-feeding and that, in a communal roost of starlings, each mosquito will tend to feed on more than one bird, thereby promoting rapid transmission of such ornithonotic arboviruses as eastern equine encephalomyelitis virus and West Nile virus.
EASTERN EQUINE ENCEPHALITIS virus (EEE) is endemic in the northeastern United
States and may amplify during late summer among birds that roost communally near swamps in which the enzootic vector mosquito Culiseta melanura (Coquillett) breeds. At night near such wetlands, tens of thousands of EEE-competent (Komar et al. 1999 ) American robins (Turdus migratorius), European starlings (Sturnus vulgaris), or common grackles (Quiscalus quiscula) may blanket a single cluster of trees or reeds (Bent 1949 (Bent , 1950 Morrison and Caccamise 1990; Komar and Spielman 1994) . Birds of these species return on successive nights to Þxed communal roost sites (Komar 1997) , a trait which serves to retain virus within deÞned vector and reservoir populations. Robins, starlings, and grackles are prime candidates as reservoir hosts for EEE due to their extreme local abundance at nocturnal roost sites, the proximity of many such roosts to the vector population, their Þdelity to particular roost sites, and their competence as hosts for this virus.
The local force of transmission of a vector-borne pathogen also depends largely on the frequency of feeding contact between the vector and its various host species (Macdonald 1957, Garrett-Jones and Shidrawi 1969) . Feeding frequency, in turn, will depend on the ability of the vector both to attain feeding contact and to sustain such contact until a full blood meal is obtained. When two host species are similarly abundant, more mosquitoes may approach one such host than another (Edman and Spielman 1988) . Such behavior may derive from visual or from olfactory cues, including the characteristic chemicals generated in varying proportions by different animals (Takken 1991, Davis and Bowen 1994) . A hostÕs repertoire of anti-mosquito defensive behaviors then will affect the feeding success of mosquitoes in its immediate vicinity (Edman et al. 1972 , Edman et al. 1974 , Klowden and Lea 1979a , Waage and Nondo 1982 . Certain birds, for example, may become so agitated by mosquitoes that contact rarely can be established. Others may tend to dislodge the mosquito after momentary feeding con-tact, whereas others may tolerate prolonged contact leading to engorgement of the mosquito. The relative importance of two species as reservoir hosts for EEE will depend not only on their biological competence for the virus, but also on their relative appeal to Cs. melanura and on any behaviors that may modulate the frequency of feeding contact. Neither the relative attractiveness of various communally roosting passerines to Cs. melanura nor the feeding success of mosquitoes on such birds have been described.
Communal roosts formed by birds of certain species may constitute particularly effective venues for sustaining arboviral transmission, because vector mosquitoes tend to obtain only partial blood meals, necessitating multiple host feeding contacts by each feeding mosquito. To evaluate this hypothesis, we tested the frequency with which mosquitoes fed upon starlings and robins where both birds were equally abundant and compared the volumes of blood ingested. In particular, we recorded the amounts of rubidium and cesium present in the bodies of freshly engorged Cs. melanura captured at sites where robins and starlings, whose blood was marked contrastingly with these elements (Kimsey and Kimsey 1984 , Anderson et al. 1990 , Kimsey et al. 1991 , had been caged overnight.
Materials and Methods
Study Sites. This study was conducted at two sites located in and near the red maple (Acer rubrum) and Atlantic white cedar (Chamaecyparis thyoides) swamp surrounding Blackwater Pond in Kingston, a southeastern Massachusetts town. Mosquitoes infected with EEE have been collected frequently at Kingston (Massachusetts Department Public Health reports 1992Ð 1998). One study site (designated SWA) lay within the swamp, and a second (designated FOR) was located 0.2 km from SWA in an upland forest.
Baseline Marker Content in Mosquitoes. To determine the levels of rubidium and cesium that occur naturally in engorged Cs. melanura at our study sites, we captured blood-fed mosquitoes there using Þber nursery pots as resting containers (Komar et al. 1995) and analyzed each insect for both elements as described below.
Retention of Marker in Mosquitoes.
To assess the rate of loss of rubidium and cesium from mosquitoes that have ingested blood from birds infused with these elements, we analyzed blood-fed mosquitoes killed at intervals after they had engorged in the laboratory on a marked host. Cs. melanura could not be induced to feed readily, so a surrogate species, Aedes aegypti (L.), was used to test marker retention dynamics. Mosquitoes were placed individually into 50-ml transparent tubes sealed with mosquito netting. A robin was injected intraperitoneally (IP) with one or the other of the marker elements, as described below. The bird was anesthetized 2 h later by subcutaneous injection of 0.2 ml of a solution containing 450 l H 2 O ϩ 50 l xylazine (20 mg/ml) ϩ 500 l ketamine (100 mg/ml). We then appressed a series of tubes to the unconscious robinÕs eyelid to permit mosquitoes to feed undisturbed through the mesh. Engorged mosquitoes were killed by freezing at 0, 4, eight or 12 h after blood-feeding had ceased. Each specimen was transferred from its tube to an acid-washed glass vial for later analysis.
Retention of Marker in Birds. To describe the temporal dynamics of rubidium and cesium retention by robins and by starlings after their injection with aqueous solutions of chloride salts of each element, jugular blood samples were drawn over a 4-d period from birds held in the laboratory. Four robins and four starlings were injected IP with physiologically isosmotic solutions of 500 mg RbCl/kg in a Þrst round of study and of 780 mg CsCl/kg in a second. Because hematomas occurred frequently, blood generally was not obtained from the same bird on successive days. From each sample taken, portions of blood were pipetted immediately into acid-washed glass vials for later analysis.
Infusing Elemental Markers into Birds Before Field Exposure. Birds to be caged at the Þeld sites were injected during July with a single dose of either 205.4 mg RbCl/kg or 320.5 mg CsCl/kg body weight, and during August with 500 mg RbCl/kg or 780 mg CsCl/kg delivered as two doses separated by 1.5 h. To maintain an adequate concentration of marker in each bird for at least 6 d of exposure, these injections were repeated after 3Ð 4 d had elapsed. Birds tolerated the above doses of rubidium or cesium without apparent alteration of behavior Kimsey 1984, Anderson et al. 1990 ). To determine concentration at a known point in time, blood was taken from the jugular vein of each bird at 2Ð3 h after every series of injections; portions of each such sample were transferred immediately to acid-washed vials for later analysis.
Caging of Birds in the Field. To expose elementally marked starlings and robins to the bites of free-ßying mosquitoes, Þve marked birds of each species were caged individually and placed overnight in and near the swamp, with equal numbers of robins and starlings at each location. Cages measured 30 by 30 by 30 cm and were constructed of 1.270-cm mesh hardwarecloth to exclude predators while permitting ready entry by mosquitoes. A wooden perch was mounted in each cage. Caged birds were suspended in a line, with species order alternated and no space between adjacent cages, along a rod secured horizontally at a height of 1.8 m. Six birds were placed in the FOR site and four in SWA. Exposure to mosquitoes continued for a total of six nights in July and for another six in August.
Each bird always was caged at the same site. The marker assigned to a species was alternated between sites and between successive months. That is, during July robins at one of the sites received rubidium injections, while the starlings received cesium. The other site combined rubidium-marked starlings with cesium-marked robins. Treatments were reversed in August; each bird was infused with the marker it had not received in July.
Sampling Mosquitoes. Resting mosquitoes were aspirated each morning from the black-painted interiors of rectangular wooden boxes Þtted with plywood extenders (Edman et al. 1968 , Morris 1981 , Komar et al. 1995 that had been set the previous evening on the ground around the bird cages. A total of six resting boxes were placed in the FOR site and four in SWA. All boxes in FOR had extenders, but only two in SWA were so equipped. All mosquitoes resting in these devices were harvested between 0800 and 1000 hours each day. They were held alive in a cool moist chamber for 1 h during transport to the laboratory where they were killed by freezing. All blood-engorged female Cs. melanura were transferred individually to acid-washed vials for later analysis.
Spectrophotometric Assay for Elemental Marker. To measure the rubidium and cesium content of mosquitoes and of bird blood, specimens were digested in acid and analyzed using a Perkin-Elmer Z5000 ßame-less atomic absorption spectrophotometer (AAS). To each vial containing a mosquito or dried blood, we added 200 l of trace-metal-clean concentrated HNO 3 (Fisher A509 Ð500, Fair Lawn, NJ). After several days, when the sample had dissolved, 1,800 l of quartzdistilled water was added to create a 10% HNO 3 injection matrix. Portions (20 l) of such digests were atomized in the instrumentÕs furnace, within a graphite tube equipped with a LÕvov platform. Procedural blanks were prepared from vials containing solvents only. Linear standard curves for calculating the marker content of each sample fraction were based on serially diluted standards prepared from SPEX plasma stocks (Perkin Elmer AA Supplies PLRB2-Y and PLCS2-Y, Foster City, CA), tested just before and at intervals throughout each session with the AAS. For cesium analysis, a potassium nitrate matrix modiÞer (5 l) was added to each assayed volume (Chapman and Dale 1986) . Single-element hollow cathode lamps (Fisher ScientiÞc14-386-106N RB; 14-386-104Z CS) generated the necessary spectra for measuring rubidium and cesium. Absorbance readings from duplicate sample fractions were averaged; when a disparity of Ͼ10% occurred between readings, a third reading served as a basis for discarding the discordant value. Any sample fraction that read at Ͼ30 ng/ml Rb or 40 ng/ml Cs was diluted further and reassayed for accurate determination of its concentration.
Calculation of BloodMeal Volumes Ingested by Mosquitoes. To estimate the volumes of blood that mosquitoes imbibed from marked robins and starlings, we related expected blood concentrations of rubidium or cesium in birds on the relevant night of exposure to each mosquitoÕs content of these elements. Expected concentrations of the elements in birdsÕ blood were derived from the recorded marker content in the blood before birds were placed in the Þeld sites. Such initial concentrations were decremented for successive nights according to rates of elemental loss that had been ascertained in the laboratory for birds of each species (see Results). Based on reports that Cs. melanura ßight activity peaks in the Þrst 2 h after sunset (Nasci and Edman 1981) , freshly fed mosquitoes were presumed to have fed on birds by 2230 hours on the night preceding their capture. For each Cs. melanura mosquito that contained more rubidium or cesium than would occur naturally (see Results), the difference between its content of an element and the mean content among baseline mosquitoes was attributed to feeding contact with a marked bird. By comparison with the concentration of the element circulating in birdsÕ blood at the presumed time of feeding, any such excess quantity of marker was translated into an estimated volume of marked blood imbibed by the mosquito.
Results

Baseline Marker Content in Mosquitoes.
To measure how much rubidium and cesium occur naturally in Cs. melanura at our study sites, we analyzed engorged mosquitoes that were collected from resting boxes placed at the FOR site (n ϭ 18) and at another wooded site 1 km distant (n ϭ 24) when no marked birds had been present. The rubidium and cesium contents of these mosquitoes were distributed normally (AndersonÐDarling normality test, Rb P ϭ 0.027, Cs P ϭ 0.039) and did not differ from site to site (t-test, Rb P ϭ 0.52, Cs P ϭ 0.66; F-test for homogeneity of variances, Rb P ϭ 0.87, Cs P ϭ 0.45). No insect contained Ͼ8.54 ng Rb or 9.78 ng Cs, the mean baseline concentration for each element plus three standard deviations (Rb mean ϭ 3.244 ng, SD ϭ 1.766; Cs mean ϭ 0.491 ng, SD ϭ 3.095). Accordingly, throughout the study we applied background means plus 3 SD as conservative threshold values for distinguishing mosquitoes that had ingested labeled blood from those containing natural levels of rubidium or cesium.
Retention of Marker in Birds. We determined the rate of loss of elemental markers from the blood of robins and starlings held in the laboratory. Although cesium concentrations declined about as rapidly in robins as in starlings during 4 d following injection, rubidium concentrations declined more rapidly in robins than in starlings (Fig. 1) , R 2 ϭ 0.879). These trend-lines determined what blood-marker concentrations should be expected in birds during each night of their exposure to mosquitoes. Marker loss appears to be sufÞciently uniform among individual birds of the same species for the rubidium or cesium remaining in the blood on successive days to be estimated.
Retention of Marker in Mosquitoes. We then determined in the laboratory how much of the rubidium or cesium that a mosquito imbibes with its blood meal is retained for 12 h, to assess whether the volume of blood ingested during the night can be derived following collection of the insect the next morning. Although Ae. aegypti were permitted to feed without interruption, their abdomens became distended to varying degrees. Mosquitoes killed at 12 h after engorgement retained Ն80% of the marker that was present in such insects immediately following feeding (Fig. 2: Rb m ϭ Ϫ3.50, b ϭ 227.2; Cs m ϭ Ϫ1.59, b ϭ 496.6). Mosquitoes retained most of the marker they ingested, despite frequent diuresis during and after feeding. We concluded that the amounts of elemental marker detected in wild mosquitoes collected in the morning closely reßect the marker contents of blood taken into the gut during the night.
Feeding Density of Mosquitoes. We next determined how many of the Cs. melanura that were collected from sites where birds were caged had ingested blood recently. During the 12-d period of study, 1,732 female Cs. melanura, 204 Cs. morsitans and 60 other female mosquitoes were collected from the FOR and SWA sites. A blood-engorged Cs. melanura was considered to be freshly fed if developing eggs comprised Յ 1 ⁄3 of its distended abdominal mass. Of 371 Cs. melanura that were engorged with blood, 153 appeared to be freshly fed. Therefore, resting boxes set overnight near caged robins and starlings reliably sampled Cs. melanura that engorged recently on blood.
Feeding Frequency on Starlings and on Robins. To compare the frequencies with which Cs. melanura fed on starlings and robins where both are present, we determined whether such mosquitoes obtained rubidium or cesium from elementally marked birds exposed overnight at the study sites. Among the 153 freshly fed Cs. melanura, 49 contained either rubidium or cesium in excess of established threshold values. Of these, signiÞcantly more mosquitoes exceeded the thresholds for robin-(36) than for starling-associated markers (20) (binomial expansion reject H 0 : p ϭ q ϭ 0.5, P ϭ 0.022). The percentage of assayed mosquitoes that fed on the blood of robins remained fairly constant at 20 Ð30% during all four nights following infusion of the elements into birds. In contrast, whereas nearly 30% of assayed mosquitoes fed on starlings during the Þrst night, on subsequent nights much smaller percentages of mosquitoes contained starling marker in excess of threshold levels (Table 1) . At sites where robins and starlings are equally abundant, Cs. melanura appear to engorge more often on robins than on starlings.
Estimates of Blood Volumes Ingested by Free-Ranging Mosquitoes. We next determined whether freeranging Cs. melanura ingested the same quantity of blood from starlings as robins. We estimated volumes of marked blood in mosquitoes by relating each insectÕs measured marker content to the expected marker concentration of birdsÕ blood on the night of feeding. Collectively, robins appeared to provide Ն16 times more marked blood to the assayed Cs. melanura population than did starlings. Individual Cs. melanura mosquitoes that contained starling marker on average had ingested only 10% as much marked blood (mean ϭ 0.36 l, SD ϭ 0.76; range, 0.04 Ð3.14) as those containing robin marker (mean ϭ 3.35 l, SD ϭ 2.05; range, 0.13Ð 8.46) ( Table 2 ). Estimated volumes of marked blood in mosquitoes that fed on robins were signiÞ-cantly larger (t-test reject H 0 : 1 ϭ 2 , P Ͻ 0.001) and more variable (F-test reject H 0 : 1 2 ϭ 2 2, P Ͻ 0.001) than were those for mosquitoes that fed on starlings. Although 90% of mosquitoes containing starling marker had imbibed Ͻ1 l of marked blood, only 14% of those containing robin marker took such small volumes (Yates-corrected 2 test reject H 0 : p 1 ϭ p 2 ϭ 0.411, P Ͻ 0.0001). Among mosquitoes that fed on starlings, 85% were estimated to have ingested Ͻ0.5 l of marked blood. Although mosquitoes often "feasted" on robins, they generally only "nibbled" on starlings.
Feeding on Multiple Hosts. To determine how often individual Cs. melanura feed on more than one bird, we analyzed the volumes of marked blood calculated in the previous series of observations. Of 49 markercontaining Cs. melanura, seven individuals contained both elemental markers. We added to this analysis 14 additional blood-engorged mosquitoes that contained a single marker in amounts equivalent to Յ0.5 l of blood, volumes far too small to account for the observed distention of the abdomen. Presumably, feeding contact with more than or equal to one nonmarked host contributed the balance of blood ingested by these specimens. Thus, 21 of 49 marked Cs. melanura (43%) contained blood from more than or equal to two hosts. Where robins and starlings were similarly abundant, Cs. melanura mosquitoes frequently fed on hosts of both species during the same night.
To determine whether individual Cs. melanura that obtain a partial meal from birds of one avian host species may switch to another species and engorge fully, we examined our estimates of the volumes of marked robin and starling blood in doubly-marked mosquitoes. Of seven Cs. melanura that contained both markers, six appeared to have taken substantial meals (1.00 Ð 8.46 l) from robins and much smaller meals (0.04 Ð 0.13 l) from starlings. The remaining mosquito contained small volumes of blood from each of the marked host species (0.28 l robin ϩ 0.09 l starling); it presumably became replete through additional feeding contact with more than or equal to one nonmarked host. No mosquito contained a large volume of starling blood together with a small volume of robin blood. Individual mosquitoes that fed on the blood of both starlings and robins tended to feed meagerly on the starlings and abundantly on the robins.
Discussion
Our marker-based estimate of the frequency (43%) with which individual Cs. melanura feed on more than or equal to two birds greatly exceeds that of previous analyses of this species. A study based on the appearance of the peritrophic membrane in free-ranging Cs. melanura (Mahmood and Crans 1997) could not detect multiple blood meals taken during a single night, because this membrane does not become well formed in the required interval of time (Scott and Weaver 1989; Lorenz and Scott 1996) . In a previous markerbased study, only 13% of marked Cs. melanura specimens appeared to have imbibed blood from both of two caged chickens (Gallus domesticus) that had been injected with different elements (Anderson et al. 1990) . Because that analysis included no quantiÞca-tion of markers present in the mosquitoes, it failed to identify insects that may have bitten a wild nonmarked host in addition to one of the marked chickens. Our experimental design was more realistic, because it was based on passerine birds and because our method permitted us to identify (1) mosquitoes that fed on marked birds of one species, (2) those that fed on marked birds of both species, and (3) those that took small meals from marked birds (Յ0.5 l) as well as feeding on wild hosts. Some ambiguity remains because more than one identically marked bird was available simultaneously at each site; feeding contacts between a mosquito and two birds circulating the same element would not have been detected. On the basis of the size of blood meals taken from experimental birds, we propose that Cs. melanura commonly feed on more than or equal to two hosts in succession where starlings are present. Our marker-based estimates of the quantities of blood ingested by female Cs. melanura are consistent with volumetric analyses derived for other mosquitoes by other methods. For example, 8.5 l, the maximum volume that we estimated for a marked Cs. melanura blood meal, corresponds to the mean values previously reported for various aedine mosquitoes that had fed upon hosts without interruption (Klowden and Lea 1979a) . In addition, Ae. aegypti feeding on defensive hosts have been found to take as little as 0.2 l of blood (Klowden and Lea 1979a) . Neither our largest estimate of the volume of marked blood in a mosquito nor our frequent detection of meals Ͻ0.5 l cast doubt on the efÞcacy of our method for estimating meal size by comparison of the marker contents of mosquitoes with those of the hosts on which they fed.
A variety of serosurveys have not implicated robins or starlings as important reservoir hosts for EEE (Feemster et al. 1958 , Dalrymple et al. 1972 , Bast et al. 1973 , Emord and Morris 1984 , McLean et al. 1985 , Main et al. 1988 , Crans et al. 1994 . The characteristics of these birds suggest nonetheless that they should play central roles in maintenance of the virus. Serology may fail to provide a reliable basis for comparing the viral reservoir capacity of these birds, due to differential mortality (Komar et al. 1999) . Robins and starlings generally roost in the same sites each night and disperse from the vicinity each morning to forage elsewhere. Thus, diurnal capture of wild birds would fail to sample massively roosting robins and starlings in proportion to their extraordinary nocturnal densities. Moreover, antibodies to EEE in a birdÕs blood indicate only that it had prior exposure to the virus, not how biologically competent it may be as a source of virus for mosquitoes. Serology on the blood of wild-caught birds provides information only on the rate of prior infection in birds that have survived EEE. An epizootiological analysis coupled with Þeld experiments such as ours provide more deÞnitive insight into host-vector interactions in nature and can illuminate traits of a vertebrate host species that may enhance its capacity as a reservoir for mosquito-borne pathogens.
Hosts that disturb engorging mosquitoes may sustain exceptionally frequent feeding contact and therefore would infect more mosquitoes than do hosts that tolerate prolonged feeding contact. Cs. melanura mosquitoes that engorge on robins generally imbibed Ͼ3.0 l of blood; seldom is this much blood obtained from a starling. If robins were powerfully attractive to Cs. melanura, a mosquito might acquire substantial volumes of blood by taking numerous small meals from several such birds in succession or by feeding repeatedly on a bird. A strong preference for robins seems unlikely. Caged robins and starlings were intermingled at the study sites; mosquitoes frequently attacked the starlings despite poor feeding success on this species. Mosquitoes were far more likely to become replete while feeding on a robin than on a starling.
Differences in anti-mosquito defensive behavior may explain why mosquitoes feed more fully on certain birds than on others. Although a feeding mosquito may terminate its feeding contact if disturbed before it becomes replete, it remains physiologically primed to seek additional host contacts Lea 1978, 1997b) . Birds of certain species engage in antimosquito defensive behaviors that disturb feeding mosquitoes and divert them to other birds (Edman et al. 1972 (Edman et al. , 1974 (Edman et al. , 1984 . Indeed, mosquitoes normally switch their attacks from hosts that are defensive to others that are more tolerant (Edman et al. 1974, Waage and Nondo 1982) . Our Þnding that individual mosquitoes frequently contained small quantities of starling blood together with large quantities of robin blood support a scenario in which mosquitoes dislodged from starlings were diverted to nearby robins. This apparent pattern of host-switching from starlings to robins constitutes indirect evidence that starlings, but probably not robins, exercise a vigorous defense against mosquitoes.
To stimulate egg production, mosquitoes require far more blood (Edman and Lynn 1975) than they usually obtain by feeding on a starling. Additional feeding episodes would be required. The opportunity to switch between hosts of different species is limited within a communal roost; birds of one species usually predominate. At a nocturnal roost site that is occupied mainly by mosquito-intolerant starlings, for example, a feeding mosquito that is dislodged by the Þrst starling it attacks will be far more likely to encounter another similarly intolerant starling than an avian roost-mate of a different species. In locations where thousands of starlings and few other birds gather at night, it appears likely that a vector mosquito will establish feeding contact with a series of starlings.
Reservoir competence contributes to the force of transmission of a pathogen. The peak viremia of a starling infected with EEE exceeds by an order of magnitude sufÞcient to infect virtually all Cs. melanura that engorge on it (Komar et al. 1999 ). In addition, starlings remain infectious for several days, whereas robins are infectious to Cs. melanura for only 1 d . Even when maximally viremic, robins will infect only Ϸ50% of mosquitoes that engorge on their blood. Other native passerines similarly develop viremia titers less than those seen in infected starlings (Komar et al. 1999) , making starlings extraordinarily competent hosts for EEE.
When an EEE-infected mosquito forages for blood within a starling roost, we suggest that the starlingÕs tendency to interrupt feeding will cause the mosquito to deliver potentially infectious bites to a series of birds. In a robin roost, however, the same mosquito might satisfy its blood meal requirements through contact with only a single bird. The reciprocal relationship might characterize viral transmission from avian reservoir host to vector mosquito. It follows that robin roosts may support long-term persistence of the EEE virus, whereas transient "bursts" of rapid ampliÞcation would center on starling roosts. Anti-mosquito behaviors by communally roosting starlings may promote rapid transmission of such ornithonotic arboviruses as EEE and perhaps West Nile virus.
